Ultrasonography allows detection of a variety of soft tissue foreign bodies, including wood splinters, glass, metal, and plastic. Herein, we present a pictorial essay on diagnostic and therapeutic role of ultrasound in soft tissue foreign bodies with complications. Figure 1: A 45-year-old male with history of accidental metallic foreign body penetration in the right thigh 2 months ago came for ultrasound of the right thigh to know the exact location of the foreign body. Ultrasound with use of the endocavitary probe showed a brightly echogenic foreign body adjacent to the proximal right superficial femoral artery complicated by pseudo-aneurysm formation. CT angiography right lower limb confirmed the ultrasound findings. Figure 2 (A, B, C): Ultrasound of wooden soft tissue foreign bodies according to severity of symptoms at presentation. A. 42-yearold male with asymptomatic foreign body in the left palm at presentation. B. 7-year-old boy with mild to moderate pain and unsuspected foreign body in the calf. C. 22-year-old male with extensive soft tissue oedema in the left hand. Figure 3 : Sonography of a broken needle tip. Figure 4 : Sonography role for guidance of soft tissue foreign body extraction using hydrodissection. Ultrasound allows accurate and efficient detection of radio-opaque as well as radiolucent soft tissue foreign bodies and aids assessment of their associated complications along with image-guided foreign body removal. Ultrasound has emerged as the study of choice for detection and localization of soft tissue foreign bodies, for assessment of associated complications and for image-guided soft tissue foreign body extraction.
Introduction
Accidental or occupational injuries by various mechanisms and retained foreign bodies in the soft tissues are a common reason for emergency department visits. Retained foreign bodies may cause severe infection or inflammatory as well as vascular complications. Vessel wall trauma from a penetrating foreign body can sometimes cause pseudo-aneurysm formation. Pseudo-aneurysms are the result of either sharp or blunt trauma to all three layers of the artery wall, resulting in a periarterial haematoma which subsequently becomes encapsulated by the in growth of adjacent non-vascular and fibrotic tissue. So early detection and complete removal are indispensable in avoiding and treating such complications.
Depending on the type of exposure/trauma, the location and composition of foreign bodies can vary considerably. Males are more prone to suffer from retained foreign bodies compared to females and they can present with pain or complications due to a foreign body or in few cases they may be asymptomatic and found as a part of evaluation for another problem [1] . Ultrasound in particular has a definite role in the detection of non-radio-opaque foreign bodies with high sensitivity and specificity [2] .
In this pictorial review we present cases of accidental foreign body exposure in which ultrasound was successful as a diagnostic tool not only for the detection of the foreign body but also for the diagnosis of associated complication including vascular injury leading to pseudoaneurysm in one case and for therapeutic image-guided foreign body removal. Ultrasound was done using Toshiba Diagnostic ultrasound, Japan Made, 7-11 mHz linear and endocavitary probes and Philips HD7 diagnostic ultrasound system, Bothell, WA, USA, linear (12-13 mHz) probe.
Pictorial reports
A 45-year-old patient, iron ore factory worker, presented with a 2-month-history of accidental penetrating injury from a flying fragment of iron on the medial aspect of the right thigh, while working in his factory. On local examination, the area was infected with a skin defect of size approximately 3 × 2 cm (Fig. 1a) . Retained foreign body was suspected. A plain radiograph was performed, which showed a radio-opaque foreign body on the medial aspect of the femur (Fig. 1b) . Ultrasound was advised for the exact localization of the foreign body. Ultrasound with high-frequency endocavitary probe showed a brightly echogenic foreign body measuring 6.9 mm adjacent to the saccular structure related to the proximal right superficial femoral artery on the lateral aspect (Fig. 1c, d ). The hypoechoic saccular structure showed internal swirling motion on color Doppler ultrasound (Fig. 1e) . A diagnosis of metallic soft tissue foreign body leading to pseudo-aneurysm formation with an aneurysmal sac of size 5.2 mm with a neck measuring 2 mm from the lateral wall of the SFA was considered. CT angiography with volume-rendered reconstruction confirmed the ultrasound findings. (Fig. 1f, g ).
Without pain at the time of presentation
A 42-year-old male patient came to the ultrasound division for evaluation of a swelling in the left foot. The lesion was evaluated and was found to be a haemangioma. A foreign body was detected incidentally when he gave history of accidental wooden foreign body exposure on the palmer aspect of the left hand around 2 months ago, however, the patient was asymptomatic due to the foreign body at the time of presentation. A linear echogenic foreign body without posterior acoustic shadowing measuring 2.5 cm noted in the subcutaneous plane with a surrounding thin hypoechoic halo noted ( Fig. 2a-I , II).
With mild to moderate pain at presentation
A 7-year-old boy came with recent history of pain and small swelling in the calf of approximately 1 week. The boy did not remember any history of injury. On ultrasound of the region an echogenic linear foreign body without shadowing was noted in the soft tissue ( Fig. 2b-I ). There is a thick peripheral hypoechoic halo around the foreign body ( Fig. 2b-II) . 
With severe pain and extensive soft tissue oedema at presentation
A 22-year-old male, with a 15-day-history of penetrating injury in his left hand on the palmer aspect by vegetable thorn while working. Post-traumatic event, radiograph was obtained showing no evidence of foreign body. Later he developed extensive soft tissue oedema and skin changes of the affected area ( Fig. 2c-I) . Ultrasound was done which showed a linear echogenic foreign body without posterior acoustic shadowing of length 13.8 mm in the subcutaneous plane at a distance of 18.8 mm from the skin surface along with marked soft tissue oedema in the hand soft tissues ( Fig. 2c-II) .
A 20-year-old male, chronic intravenous user presented to the emergency department with history of accidental broken needle tip in the soft tissues of the left cubital fossa. Local examination showed ecchymosis in the area. X-ray of the left elbow shows the broken needle tip (Fig. 3a, b) . Ultrasound with high-frequency linear transducer showed a linear echogenic foreign body measuring 8.6 mm in length in the subcutaneous plane at a distance of 4.6 mm from the skin surface in the left cubital fossa (Fig. 3c) .
A 42-year-old patient with soft tissue foreign body has come to our clinic for foreign body extraction under ultrasound guidance. Under aseptic precautions (Fig. 4a ) the soft tissue foreign body was localized by ultrasound (Fig. 4b) after which hydrodissection was done using local anesthesia and normal saline (Fig. 4c) . Under ultrasound guidance and using suitable forceps (Fig. 4d ) the wooden soft tissue foreign body was extracted (Fig. 4e) .
Discussion
Suspected cases of foreign body in the soft tissues are common presentation to the emergency department. Early detection or exclusion of its presence is important, given the possible allergic, inflammatory, and infectious complications associated with a retained foreign body. A retrospective review of 200 consecutive patients with foreign bodies in the hand showed that wood, glass, and metal accounted for majority of the foreign bodies seen [1] . Jacobson et al. evaluated the effectiveness of ultrasound for the detection of wooden foreign bodies implanted in cadaveric specimens in a multi-operator blinded-study and found sensitivity and specificity of 86.7% and 96.7% for detection of 2.5-mm-long foreign bodies, respectively. Sensitivity and specificity for detection of 5.0-mm-long foreign bodies were 93.3% and 96.7%, respectively [2] . Gilbert et al. in an in vivo study of 50 patients with suspected non-radiopaque foreign bodies demonstrated a sensitivity of 95% and specificity of 89% for ultrasound detection [3] .
Aras et al. compared the sensitivity for detecting foreign bodies among conventional plain radiography, CT and ultrasonography in in vitro models and found that ultrasound detects and localizes superficial foreign bodies with low radiopacity in the tissues of the body more effectively than CT and conventional plain radiography [4] . CT has a higher cost, involves ionizing radiation and limited availability. Similarly, MR imaging also has a higher cost and more limited availability. Ultrasound is an inexpensive, portable and readily available imaging modality for superficial soft tissues without the risk of ionizing radiation. Ultrasound has emerged as the study of choice for the detection of radiolucent foreign bodies. For radiopaque foreign bodies, US can provide more precise localization. For all foreign bodies, US can aid assessment of the surrounding soft tissues and demonstrate associated complications [5] .
In a study by Soudack et al., of the 288 cases evaluated for soft tissue masses, 6 patients had sonographic findings consistent with foreign bodies, none of these patients had positive history of foreign body even when asked specifically [6] . Similarly one of our patients also had no positive history of foreign body exposure. Nonspecific symptoms and soft tissue thickening in the area prompted the patient for an ultrasound which showed echogenic foreign body. So the possibility of a foreign body should be considered when scanning soft tissue masses or thickening even in the absence of a relevant clinical history.
Our ultrasound images of the wooden foreign bodies show that all of them are seen as linear echogenic strip without posterior acoustic shadowing along with associated variable reaction in the adjacent soft tissues in the form of hypoechoic halo or extensive soft tissue oedema depending on the injury severity at presentation. Sonographic detection and localization of a large metallic fragment are easy as in our first case but localization of a thin radio-opaque foreign body such as broken needle tip is a challenge almost always requiring radiographic assistance.
Wooden objects are the most common type of the foreign body seen in most of the studies [7] . The identification of soft tissue foreign bodies is not always a straightforward pursuit as we may think. Although routine radiography is used as the initial imaging modality, however, most of the soft tissue foreign bodies are not radiopaque and, therefore, remain undetected [8] .
If a foreign body is localized adjacent to a major artery, care should be taken to see for any associated vascular complication such as traumatic pseudoaneurysm as seen in one of the cases. Once the foreign bodies are localized, foreign body removal represents a large part of the work in surgical practice. However, removal may often be a surgical challenge because of the non-palpated and close anatomical relationship of the foreign body to vital structures or due to patients with comorbidities. Many authors have successfully used ultrasound in foreign body removal using hydrodissection technique [9, 10] . Ultrasound-guided soft tissue foreign body removal is a safe and minimally invasive technique [11] . It is worthwhile to promote the use of ultrasound-guided foreign body removal, even with late presentation. We also presented our experience on therapeutic role of ultrasound for imageguided foreign body extraction.
Conclusion
Ultrasound being portable, easily available, cost-effective and without risk of ionizing radiation is an invaluable tool in the diagnosis of soft tissue foreign bodies in the emergency environment which can have varied clinical presentation. Ultrasound allows accurate and efficient detection of radio-opaque as well as radiolucent soft tissue foreign bodies. Ultrasound has emerged as the study of choice for the detection and localization of soft tissue foreign bodies and can aid assessment of their associated complications and treatment guidance.
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